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This paper is a presentation of the material to and including the F4 generation.
Before presenting the results, however, we would like to point out some of the reasons why we believe that a problem of this sort should prove profitable. We believe that this approach will be a valuable avenue of attack upon the following general problems:
1. It is quite obvious that the question of hereditary factors in maze learning is one problem that can be attacked by the process of selective breeding. If maze learning depends upon hereditary factors to the extent that such factors have an influence greater than the magnitude of the errors of measurement, then to that extent, it should be possible ultimately to separate two lines of animals. Furthermore, if the process of selective breeding is continued for a sufficient length of time it should be possible to purify these two lines. Then the geneticist may cross-breed them and arrive at some generalization concerning the methods of transmission of the hereditary factors underlying maze learning.
2. Should it be possible to produce two pure lines, then we will 1 These terms are used because they are short and convenient. Throughout the paper "dull" will mean animals coming from relatively slow maze learning parents, and "bright" will mean those coming from relatively quick maze learning parents. No other connotation of the terms is meant or desired. 77
have a situation in which we can experiment adequately upon the problem of nature versus nurture. It seems to the writer that experimentation upon this problem with human subjects can never be entirely adequate because, with one exception, such experimentation cannot adhere to one of the fundamental rules of scientific procedure-namely, to vary only one factor at a time, or, at least, if more than one factor-is varied, to know the extent to which each is varied. Nature and nurture are two factors.
To find adequately the influence of the former, the latter should be held constant and vice versa. This is not and cannot be done with human subjects with the exception of work upon identical twins in which the two members of each pair have identical heredity. We are not implying that the data secured on human subjects is valueless, because some generalizations can be drawn in so far as the various lines of evidence converge toward a common position. However, the numerous discussions and arguments concerning the relative influence of nature versus nurture indicate that the evidence at hand is ambiguous, and open to various interpretations.
It would seem, therefore, that it might be well to settle the question for one species even though we cannot make broad generalizations from the rat to the human being.
If the two pure lines are obtained, then we will know what to expect of the offspring under standard environmental conditions. In other words, we can keep the hereditary factor constant and vary the environmental factor as desired.
3. If two lines of animals are obtained which differ from each other in respect to their hereditary ability to learn the maze, it follows that these two strains-must differ in some physiological, neurological, or biochemical respect or respects, or in a combinav tion of all. If the animals are examined by techniques belonging to these various fields, it may be possible to determine the existence of such differences. We may, therefore, be able to determine the somatic variations underlying different degrees of maze learning ability. This problem may be and has been attacked by the correlation technique in a random sampling of the population. However, errors of measurement may destroy the possibility of obtaining a correlation if the existent relationship is not relatively larger. The relative importance of errors of measurement is reduced when using the method of selective breeding since one is dealing with two groups, the respective averages of which are widely separated. One may, therefore, be able to establish relationships which would otherwise appear to be non-existent.
It seems to the writer that we are too prone to be content in saying that the degree to which an individual possesses an ability is a hereditary characteristic and to allow the matter to rest. We seem to forget that many characteristics which are determined by hereditary factors may be changed by the application of proper agents within the lifetime of the individual. Is it too optimistic to say that we may some day be able to treat an individual of low hereditary ability along some line in such a way as to increase that ability? Failing a happy stroke of extreme good luck, we will never be able to do this until we know what is somatically wrong with the individual. Once having secured this knowledge with reference to the human being, it eventually may be possible to reduce greatly the number of inmates in our institutions for the feebleminded. To some that statement may seem too optimistic. But, on the basis of available knowledge, can they prove that it is?
4. The method of selective breeding also opens a method of attack upon the overlap or lack of overlap of psychological abilities. Are the bright animals also more proficient in learning a brightness discrimination, or problem box, or delayed reaction problem as compared with the dull animals? Here again the correlation technique with random samplings may be used, but as was pointed out above, a real relationship may be obscured by errors of measurements.
No doubt other problems could be stated which would be subject to attack by this method. We believe, however, that we have mentioned sufficient to justify the undertaking of the long and arduous task which lies before one who starts the problem of selective breeding.
II. PROCEDURE
The maze which is being used is the Minnesota automatic maze described by Heron (1) . There are twelve units in this maze which involve the following sequence of turns by the animals LRLLRRLRLRRE.
When the problem was first started it was the intention to run all animals for 27 trials and count the total errors for each animal in the last 25. However, the results from the F2 generation indicated that 17 trials, counting the total errors for each animal in the last 15, would be sufficient. From that time on, therefore, we used a training period of only 17 trials.
The age at which the succeeding generations have been run has varied to some extent owing to various exigencies. However, no generation has been run at an age, at the beginning of training, of less than sixty-five days and none at an age of over one hundred days with the exception of the parents, the age of which was unknown, but, all were within the prime of Me. The age variation within a generation has not been more than ten days.
The basis of selection of breeding animals from each generation to produce the succeeding generation has been primarily the record made by the animals in the maze in terms of total errors for the number of trials run. However, we have always mated within the line even though an animal from dull parents might have made fewer errors than the animals from the bright parents or vice versa.
If the maze record permitted, we have used as a supplementary basis of selection for breeding the size of the litter from which the animal came. We always breed the animal from the larger litter under these circumstances. This will help possibly to maintain the virility of the two lines.
Another selective factor is involved in the fact that we secure in each generation more animals than we can train in the maze. We make 3O matings in each generation, this is done by mating each of 15 males with two females. As far as possible one female is a sister of the male and the other female is of no immediate relationship. 2 The matings of the F3 gave us over 200 offspring. Of these we could use only approximately half. In making this selection we consider the following factors: (a) The date of birth of the Utter as compared with date of mating; other things being equal, we choose the litters of those animals which bred the quickest; (&) the size of the litter; and (c) whether the litter is from the inbred or the outbred female-other factors allowing we choose the inbred litter. Up to the present, however, no attempt at continuous inbreeding from generation to generation has been made for fear that we might introduce some lethal factors which would cause us to lose our lines.
All animals are given preliminary training for about ten days before they are allowed to traverse the maze in order to accustom them to the doors and to get them on the proper rhythm of feeding.
After the animals are started in the maze, they traverse it in the same order each day. The animals from each strain are mixed in a random order but the males and females are kept separate. There is no particular reason for this except that it is easier to introduce the animals to the maze situation if the males and females are not mixed.
Up until the F4 generation we did not take the time records in the maze. This was not done for two reasons: 1, we had not yet attached a synchronous motor to the maze recorder, and 2, we did not anticipate that time records would be of any great value to us. However, the time records for the F4 generation were taken and are presented under results.
Our control of motivation up to the present has perhaps not been as good as we would like. The use of the automatic maze introduces certain difficulties in this respect. Since the animals are never handled from the time they are started in the maze until they have finished the complete training period, it is impossible * Our parent rats were taken from the stock of rats which has been maintained in this laboratory for probably a period of 15 years. This stock is a mixture of hooded and albino animals. Since the stock has been maintained for such a long period it is no doubt highly inter-bred although in no systematic manner.
to weigh the animals each day. However, it is difficult to see how there could be a differential influence upon the two lines in this respect unless the selective breeding itself is introducing certain factors which would account for it. That there may be a possibility in this direction is indicated by the apparent tendency for the animals from the bright parents to have a higher basal metabolic rate than" those from the dull parents (2) . This may mean that the bright animals are hungrier each day than are the dull. If this is true and all animals are given the same amount of food in proportion to their weight then the bright animals should gain weight at a slower rate than the dull. This would, of course, be apparent in daily weight records. For that reason we are now planning the construction of an apparatus which will, we hope, automatically record the weight of each animal at the conclusion of each day's trial. In the F5 generation we plan to determine by this means whether there is a differential weight increase between the two lines during training period. If there is, then in the next generation we shall endeavor to feed in such a manner as to reduce or entirely eliminate this differential.
In concluding this section on procedure it remains to be pointed out that since our animals do not receive any water during the training period except that which is mixed in their food, they are probably motivated by a combination of hunger and thirst. It would, of course, be possible to keep water before the animals but since we have been very fortunate in maintaining, at a very high level, the health of the animals it has not seemed necessary to change this procedure. We have been very careful, however, to give the animals a weekly ration of cabbage and codliver oil which, together with the otherwise balanced diet (a commercial chick-growing mash), maintains their health in a very satisfactory manner.
in. KEStn/rs
We will present our results in both numerical and graphical form. In table 1 we show the results for the successive generations from the standpoint of a comparison of the sexes. A word of explanation is necessary at this point. The F2 generations were divided into two groups, one which was started in the maze a week after the other. For some reason which is not apparent the animals in the second group to start did better in the maze than the animals of the first group. A reference to the table will show that this is particularly true of the dull animals. We have, therefore, listed these two groups separately in table 1. Also, in the case of the F4 generation, we reversed the maze after the animals had had their regular training period on the pattern which had been used for the preceding generation. This reversal of the maze meant that in each unit what had been the true path became the blind alley. 3 It was thought that this reversal should penalize the bright animals on the average more than it would the dull animals, since the former had more nearly learned the original pattern. We desired to know if the bright animals could overcome this handicap and still out-distance the dull animals in the learning.
This will explain the data in both tables 1 and 2 under the title of maze reversed. Likewise, time is shown for the F4 generation only since it was not taken, as explained above, for the other generations.
To return to the question of sex differences, only one comparison shows a statistically significant difference, namely for the bright line of the F2 generation in the first group run. This difference is in favor of the males as shown by the minus sign in front of the difference in table 1. However, of the 17 comparisons, 13 show differences in favor of the males. In some cases these differences are very small.
Since we are not primarily interested in sex differences we will not dwell further upon this point. If one were interested in this question it would be wise to alternate male and female in the maze as it is possible that the fact that all of one sex group is run each day after all of the other, may have some influence.
The data in table 2 are designed to bring out the differences between the two lines in the successive generations. In this Table 2 shows that since the Fl generations, the two lines show significant difference with the magnitude of the differences growing progressively greater. It shows also that the bright animals made significantly fewer errors than the dull during the course of their 10 trials in the reversed maze. Therefore, if the reversal of the maze did handicap them they were able to overcome that handicap even in a space of only 10 trials.
Time also shows a significant difference for the two lines. It would be expected of course, that the dull animals would have higher time records inasmuch as they made more errors. However, the difference in the average time scores would appear to be greater than expectation on this basis. This is an unexpected finding and it will need further experimentation in an endeavor to find the cause of it. A second way in which to present the results is by means of a distribution for the successive generations. This is done in figure 1 . These distributions clearly show graphically the progress which has been made in separating the two lines. To the distributions for errors we have added the distribution for total time-15 trials-for the F4 generation. This distribution shows that the lines are separating on the basis of time also.
The reader may find it of interest to compare these distributions with those of Tryon who is doing a similar problem at the University of California. He is further advanced than we are and his distributions for seven generations plus the parents are given in the book, "Heredity and Environment," by Gladys C. Schwesinger, on pages 334-335.
Tryon's distributions show a range of errors much larger than ours. This is caused by at least two factors: 1, he uses 19 trials as compared with our 15; and 2, his maze has five more blind alleys than ours. There are no doubt other differences of technique as well, which affect this range of errors. In spite of these differences, however, there is a remarkable degree of similarity between the two sets of distributions.
In figure 2 are given the learning curves for the F4 generation in order to show how the two lines differ throughout the course of the learning. It is seen that the two groups are separate for the entire lengths of the curves. The only point that perhaps requires comment is why there is a separation on the first trial. The animals of the two groups are treated in exactly the same manner in the preliminary training. Therefore, it might be expected that the maze should be equally novel to both and that they should start at the same point. Our only possible explanation of why this is not true is that the bright animals profit to greater extent even by the preliminary "test breaking" period than do the dull and that, therefore, the former are better able to handle the maze situation right from the beginning.
IV. DISCUSSION AND CONCLUSION
It seems quite apparent that maze learning depends to a large extent upon hereditary factors. Just what these factors are, we do not at the present know.
We believe that if the process of selective breeding is continued for a sufficient number of generations that we will ultimately be able to secure relatively pure lines for a great many if not all of the hereditary factors involved in this activity. How long this will take we cannot predict. However, if it is ultimately accomplished, we believe, as we have pointed out in the introduction, that a valuable and stable basis will be laid from which a number of important problems of both a theoretical and practical nature can be attacked.
In the meantime while the process of selective breeding is being continued, we shall experiment in various ways upon the two groups in the hope that experimentation upon even the impure lines shall give us leads which may later be verified upon the pure lines.
